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• Investigate performance of 
self-synchronizing teams

• Understand how teams collaborate on a 
shared surface in situations characterized by 
high stakes, uncertainty and time pressure 

Long Term Goals
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• Validate Model: 

Team Recognition Primed Decision-Making

• Empirical investigation for validity of:
– Pattern Sharing of Cognitive Chunks
– Negotiated Interrupts

Project Objective
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Research Plan

• Validate Model
–Do teams recognize patterns?

• Intention Sharing
–Is real-time telepointing (gesturing) 

effective?
• Sharing Representation

–Items vs. Chunks
–Time Pressure
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• Attention Management
– Telepointing (gesturing) was found to be 

“distracting” for collaboration
• Perception and Sharing of Patterns

– Discrete “item” sharing gives higher performance
– Cognitive “chunk” sharing yielded higher task 

performance, even under time pressure

Impact
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• Potential transition to Dr. Jeff Morrison’s  
Knowledge Desk Program at SSC.

• Findings applicable to the DARPA ITO 
Augmented Cognition program (BAA #01-38)

• DARPA Cognitive Information Processing 
Technology (BAA #02-21)

Applications
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Cognitive Limitations

• Perception

• Attention

• Memory

Norman, D. A., and D. G. Bobrow (1975). On the data-limited and resources-limited 
processes. Cognitive Psychology, 7, 44-64. 

Morrison J. G., R. T. Kelly, R. A. Moore, and S. G. Hutchins (2000). “Implications of 
Decision-Making Research for Decision Support and Displays”  In Janis A. Cannon-Bowers 
and Eduardo Salas (eds.), Making Decisions Under Stress: Implications for Individual and 
Team Training. APA Books 

Working Memory

Baddeley, A. (1998). “Recent Developments in Working Memory,” Current Opinion in 
Neurobiology, 8(2):234-238.

de Quervain, D. J.-F., B. Roozendaal, R.M. Nitsch, J.L. McGaugh, and C. Hock. (2000). 
Acute cortisone administration impairs retrieval of long-term declarative memory in healthy 
human subjects. Nature Neuroscience, April, Volume 3, Number 4. 
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Cognitive Map

DCOG
(Hutchins)

Info
Sharing
(Stasser)

Scarce
Cognitive

Resources

RPD
(Klein)

EBR
(Pennington

& Hastie)Shared
Meaning
(Alterman)

Affordances
& Artifacts

Awareness
(Dourish)

Shared 
Mental Models
(Cannon-Bowers)

RPD:  Klein, G. A. (1993). A recognition-primed decision (RPD) model of rapid decision 
making. In G. A. Klein, J. Orasanu, R. Calderwood, & C. E. Zsambok (Eds.), Decision 
making in action: Models and methods. Norwood, NJ: Ablex.

EBR: Pennington & Hastie. (1993). Reasoning in explanation-based decision making. 
Cognition, 49, 123-163.

DCOG: Hutchins, E.  1995.  How a Cockpit Remembers Its Speeds.  Cognitive Science, 
19:265-288.

Shared Mental Models:  Cannon-Bowers, J. E. & Salas, E. (2001) “Reflections on Shared 
Cognition”, Journal of Organizational Behavior, 22(March):195-202

Consensus on who knows what:  Kraut, R. E., Lerch, F. J., & Fussell, S. R. The 
Development of Shared Mental Models and Group Performance (NSF IIS-9812123)
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Team Recognition Primed Decision Making

CollaborationCollaboration
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Situation

Assessment
Response
Selection
Response
Selection

Plan
Execution

Plan
Execution

Display
Intel

Identify
Enemy

Plan

Proposed
Distribution
Of Forces

Actual
Distribution
Of Forces

Assess 
Situation 
from Intel 

Select 
Response 

based upon SA Execute 
self-synchronized 

plan

Push/Pull

Chunking

Research Model

Pattern Sharing

Slots and Templates:  Gobet, F. & Simon, H. A. (2000). “Five Seconds or Sixty? 
Presentation Time in Expert Memory,” Cognitive Science, 24:651-682. 

Negotiated Alerts:  
Horvitz, E., Jacobs, A., & Hovel, D. (1999) “Attention-Sensitive Alerting”, In Proceedings 
of UAI '99, Conference on Uncertainty and Artificial Intelligence (pp. 305-313).

McFarlane, D. C. (1999) “Coordinating the Interruption of People in Human-Computer 
Interaction, Human-Computer Interaction”, INTERACT'99, Sasse, M. A. & Johnson, C. 
(Editors)

Information Push and Pull:  
Cybenko, G. and Brewington, B. “The Foundations of Information Push and Pull,” in The 
Mathematics of Information Coding, Extraction, and Distribution (G. Cybenko, D.P. 
O'Leary and J. Rissanen editors), Springer, IMA Volume 107, 1999.

Strict and Relaxed WYSIWIS:  Stefik, M., Foster, G., Bobrow, D.G., Kahn, K., Lanning, S., 
and Suchman, L. (1987) “Beyond the chalkboard: Computer support for collaboration and 
problem solving in meetings”, Communications of the ACM, 30(1):32-47.
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Hypotheses (3 year)
• Teams using a compensatory aid for 

pattern-recognition tasks will outperform 
teams who do not.

• Teams using negotiated interrupts with each 
other for pattern-recognition tasks will 
outperform teams who do not.

• Teams who learn patterns in the same way 
will outperform teams who do not. 
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FY ’02 Research Plan

• Explore sharing of pattern 
chunks
– Labels
– Templates (slots)

• Rewards for speed and accuracy
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• Perception Tools for
– Pattern Recognition 
– Sharing of Intention

• Attention Tools for
– Telepointing/Gesturing
– Awareness
– Alerting (negotiated)

• Memory Aids for
– Mitigating the Effects of Stress

Team Compensatory Aids
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• Outcome Measures: 
– Quality
– Speed

• Process Measures:
– Pattern Recognition (Confidence)
– Pattern Sharing
– Collaboration 

• collisions, bumps, leaders, structures

Research Measures

Schvaneveldt, R. W. (1990). Proximities, networks, and schemata. In R. Schvaneveldt (Ed.), 
Pathfinder associative networks: Studies in knowledge organization. (pp. 135-148). 
Norwood, NJ: Ablex.
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• Recent Data Collected:
– Chunking (48 subjects)
– Chunking Time Pressure (42 subjects)

• Analysis Performed

• International Journal of Human Computer Studies
– first article from last year’s results accepted.

Current Progress
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• Cooperative 3-Player Game
• Each player has 7 Tokens (numbered 1-7)
• Opponent has asymmetric force 

– Patterns: Definitive, Equivocal, Uncertain
• Team places tokens so total >= opponent
• Incentive

– For total points
– For time of play

• Play is interactive

Decision Game

Games is based on:  McGunnigle, John, Wayne Hughes, and Tom Lucas, (2000).  Human 
Experiments on the Values of Information and Force Advantage," PHALANX, 33, No. 4, 
December. 
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Patterns
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Revealed Intel

Pattern Item 
Indication with 

Confidence

Pattern Items

Sockets
SQL
RMI
Multicast

Shared
Data 
Toolkit

XIS…
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Pattern Chunks

Revealed Intel

Pattern Chunk 
Indication with 

Confidence
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Game Raw Point Means

5.00

5.20

5.40

5.60

5.80

6.00

6.20

6.40

6.60

6.80

7.00

Definitive Uncertain Equivocal

Pattern Type

Po
in

ts

Baseline

No Gesturing

Item Sharing

Chunk Sharing

Chunk Sharing Under Time
Presssure
Expected Value

Raw Scores

0.905.800.855.650.875.580.826.30Total

0.916.010.885.850.795.710.786.62

Chunk Sharing 
Under Time Pressure 
(CSTP)

0.866.040.805.850.935.780.606.65Chunk Sharing (CS)

0.885.810.875.660.855.640.796.26Item Sharing (IS)

0.875.670.905.460.705.640.756.17No Gesturing (NG)

0.885.590.815.480.895.360.876.00Base Line (BL)

SDMeanSDMeanSDMeanSDMean

TotalEquivocalUncertainDefinitive

Pattern TypeTreatment

0.3691.09Treatment * Type

0.00085.29Type

0.00019.62Treatment

Sig.FSource

ANOVA Results

0.3940.0000.000Sig.

-0.070.640.71Mean Diff.

EquivocalEquivocalUncertain

Uncertain vs.Definitive vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Pattern Type

0.8860.6530.0010.0070.0030.0000.9990.0280.0070.000Sig.

0.090.130.220.230.360.45-0.020.210.340.43Mean Diff.

BLNGBLISNGBLCSISNGBL

NG vs.IS vs.CS vs.CSTP vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Treatment
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Normalized Means
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Baseline

No Gesturing

Item Sharing

Chunk Sharing

Chunk Sharing Under Time
Pressure

Normalized Scores

0.160.970.151.000.170.990.120.90Total

0.161.010.171.030.151.010.110.94

Chunk Sharing 
Under Time 
Pressure (CSTP)

0.151.010.151.030.191.030.090.95Chunk Sharing (CS)

0.150.970.151.000.171.000.110.89Item Sharing (IS)

0.160.950.170.960.141.000.110.88No Gesturing (NG)

0.150.940.140.970.180.950.120.86Base Line (BL)

SDMeanSDMeanSDMeanSDMean

TotalEquivocalUncertainDefinitive

Pattern TypeTreatment

0.8370.01Treatment * Type

0.00049.24Type

0.00016.74Treatment

Sig.FSource

ANOVA Results

0.7690.0000.000Sig.

-0.01-0.10-0.09Mean Diff.

EquivocalEquivocalUncertain

Uncertain vs.Definitive vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Pattern Type

0.8960.7320.0030.0140.0070.0001.0000.0110.0150.000Sig.

0.020.020.040.040.060.070.000.040.060.07Mean Diff.

BLNGBLISNGBLCSISNGBL

NG vs.IS vs.CS vs.CSTP vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Treatment
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Correctness Percentage
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Item Sharing

Chunk Sharing

Chunk Sharing Under
Time Pressure

Sharing Correctness

0.410.340.400.330.430.38Total

0.430.410.420.350.440.56
Chunk Sharing Under 
Time Pressure (CSTP)

0.410.370.400.350.440.42Chunk Sharing (CS)

0.380.280.390.290.350.23Item Sharing (IS)

SDMeanSDMeanSDMean

TotalEquivocalUncertain

Pattern TypeTreatment

0.0084.84Treatment * Type

0.0344.53Type

0.00011.53Treatment

Sig.FSource

ANOVA Results

0.0300.5800.002Sig.

0.090.040.13Mean Diff.

ISCSIS

CS vs.CSTP vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Treatment
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Pattern Sharing Time Means
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Pattern Type
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Chunk Sharing

Chunk Sharing Under
Time Pressure

Pattern Sharing Time (Seconds)

No time pressure when sharing…

10.6812.6010.8313.3711.9112.188.9611.22Total

10.7312.7210.2513.2012.3612.4310.5111.77

Chunk Sharing Under 
Time Pressure 
(CSTP)

10.6612.5211.3413.5111.6812.007.6810.82Chunk Sharing (CS)

SDMeanSDMeanSDMeanSDMean

TotalEquivocalUncertainDefinitive

Pattern TypeTreatment

0.8640.15Treatment * Type

0.2171.53Type

0.7410.11Treatment

Sig.FSource

ANOVA Results

0.6400.2050.808Sig.

-1.19-2.15-0.96Mean Diff.

EquivocalEquivocalUncertain

Uncertain vs.Definitive vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Pattern Type
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Move Time Means
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Definitive Uncertain Equivocal
Pattern Type

M
in
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es

 to
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e

Baseline

No Gesturing

Item Sharing

Move Time

No time pressure when moving…

1.202.561.182.581.282.591.172.48Total

0.822.200.832.210.842.270.772.12Item Sharing (IS)

0.842.560.782.631.112.680.652.30No Gesturing (NG)

1.432.861.392.881.542.831.422.82Base Line (BL)

SDMeanSDMeanSDMeanSDMean

TotalEquivocalUncertainDefinitive

Pattern TypeTreatment

0.8020.41Treatment * Type

0.2351.45Type

0.00033.96Treatment

Sig.FSource

ANOVA Results
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Move Time Means

30
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Pattern Type
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Chunk Sharing

Chunk Sharing Under Time
Pressure

Move Time (Seconds)

Time pressure when moving…

42.6563.7246.8869.0338.5561.8133.6753.78Total

30.4046.1729.3049.1537.3146.9025.1939.10

Chunk Sharing 
Under Time 
Pressure (CSTP)

45.8679.6952.3287.1534.6875.3534.9667.14Chunk Sharing (CS)

SDMeanSDMeanSDMeanSDMean

TotalEquivocalUncertainDefinitive

Pattern TypeTreatment

0.3101.17Treatment * Type

0.0007.81Type

0.00082.86Treatment

Sig.FSource

ANOVA Results

0.2130.0000.235Sig.

-7.22-15.26-8.04Mean Diff.

EquivocalEquivocalUncertain

Uncertain vs.Definitive vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Pattern Type
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Bump Means
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Pattern Type

N
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Baseline

No Gesturing

Item Sharing

Chunk Sharing

Chunk Sharing Under
Time Pressure

Bumps

2.703.122.603.212.702.932.913.08Total

2.362.802.322.942.733.002.012.30

Chunk Sharing 
Under Time 
Pressure (CSTP)

2.763.362.643.472.272.983.353.40Chunk Sharing (CS)

1.882.391.842.341.542.292.222.57Item Sharing (IS)

2.843.352.373.384.404.262.122.60No Gesturing (NG)

3.133.623.013.753.103.133.413.74Base Line (BL)

SDMeanSDMeanSDMeanSDMean

TotalEquivocalUncertainDefinitive

Pattern TypeTreatment

0.2241.33Treatment * Type

0.4390.82Type

0.0009.06Treatment

Sig.FSource

ANOVA Results

0.3200.7680.778Sig.

-0.28-0.130.15Mean Diff.

EquivocalEquivocalUncertain

Uncertain vs.Definitive vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Pattern Type

0.9360.0380.0000.0011.0000.8070.3010.5470.5790.010Sig.

-0.27-0.96-1.230.970.00-0.26-0.560.41-0.55-0.82Mean Diff.

BLNGBLISNGBLCSISNGBL

NG vs.IS vs.CS vs.CSTP vs.

Pair-wise ComparisonsStatistics

Pair-wise Comparisons - Treatment
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• Team Recognition Primed Decision Making 
Model Continues to be Validated

• Sharing of Pattern Chunks Improves 
Performance
– Cognitive Alignment 
– Ultra Thin tool

Conclusions
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• Protocol Process Analysis
– Who’s doing the bumping?

• Detailed process analysis is required and ongoing

– Emergent Leadership under Time Pressure?
• Consistent leader and followers

– Stimulating Structures
• Moves of the 7,6 and 1 chips

Cleanup for FY 2002
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• Change task domain (increase complexity)
– Team Chess (expert chunk sharing)

• Gobet/Simon (wants to explore CHREST)
• Geo-Space, Power, Role, Hierarchy

– Dynamic pattern recognition 
– Open Source Data

• Manipulate the ability of team members to “push” or 
“pull” pattern information from their teammates 
(negotiated interrupts)

• Sudden Insight Signal in conjunction with gaze

FY 2003 Plans and Onward


